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No. 1,179.-“ On Engineering Philosophy : The Durability of 
Materials.” By EDWIN CLARK, M. Inst. C.E. 

IT is no doubt a subject for congratulation, that  the  Engineer of 
the present  day is generally too incessantly occupied to afford 
much  time for theoretical discussion. The valuable Papers which 
each session adds to the Minutes of Proceedings of the  Institution 
amre characteristic of a practical epoch. They are mostly either 
descriptive of great and important engineering monuments, which 
will hereafter commemorate peaceful times, or they  are records of 
the still more remizrkable mechanical appliances by which human 
labour has been  economized and civilization so strikingly advanced. 
It has indeed been truly observed,  by one of the Past-Presidents, 
that  the application of the Principles of Natural Philosophy to 
practical purposes is the essential province of the  Engineer.  There 
is, however, on the  other hand, a possibility, that  in  taking its rank 
among kindred sciences, the too rigid application of the (( cui bono ” 
to Civil Engineering may not only detract from its dignity, but  \\hat 
is of far more importance, may narrow its scope and interest,  and 
thus forfeit some portion of the invaluable support  it  has always 
hitherto received from that.  high  and numerous class who  love 
science solely for its own  sake. 

It is on these  grounds that  the  Author ventures to hope that 
some interest would attach  to a series of Papers devoted, not so 
much  to the special application of those philosophical principles 
which form the basis of practice, as to  the consideration of the 
principles themselves. It is by no means intended to attempt  to 
lay down dogmatically any rules or formulae wit,h the  stamp of 
authority;  but numerous questions occur which could be more 
eflectually discussed in  their abstract capacity, than  in connection 
with the practical applications out of which they arise. For in- 
stance, the general theory of strains, the durability of the materials 
of construction, the essential properties of girders, columns, and 
arches,. the stability of foundations, the theory of heat as a mecha- 
nical power, the resistance of air and  water  to bodies in motion, or 
the laws of river  and  tidal action, may be cited as cases in point. 
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On a11 these, and on Xindred subjects, the  Engineer has arrived at  
well-established fundamental principles, capable abstractedly of 
being definitely recorded ; while, on the  other hand, they  are  all 
subjects requiring  further elucidation, and affording elements for 
discussion of the  highest interest. If  the  title should not appear 
too ambitious, the  Author would suggest that a series of such 
essays might . be appropriately called--“ Tracts on Engineering 
Philosoahv.” ~ ~~~~ ~ - ~ I  J~ 

I n  pursuance of these views, and in  the hope of eliciting Papers 
on others of the subjects indicated, the  Author will offer some general 
remarks on the  Durability of Materials of Construction. 

The list of materials used by the  Engineer is but small. It 
includes stone  and  timber  among natural productions, and bricks, 
cement, and  the metals among artificial products. There is per- 
haps no better  illustration of the difficulty of laying down any 
rigid  rule in engineering, than  the  attempt to state, even approxi- 
mately, the positive life of any of these articles. In certain situa- 
tions it may indeed be estimated by geological periods. The moat 
delicate fossils exist unchanged even in  the oldest rocks ; while, 
under other conditions, the hardest  stone  requires  perpetual re- 
newal. The durability of any material thus depends, not only on 
its own inherent properties, but principally on the agencies to which 
it is exposed. 

As  an example, the soft calcareous tufa blocks of the temples at  
Paestum, not  only as regards  those parts of the  structures  that 
remain standing,  but also as regards the ruins that lie half buried 
in the sand, present no appearance of decay, or even of great  age ; 
and  yet  their  antiquity is so great, that  Pliny, who wrote eighteen 
centuries ago, states that even then  he was wholly unable to obtain 
any reliable record of their origin, on account of their great age. 
While far more evident symptoms of decay are apparent in the 
masonry of the New Houses of Parliament, not  yet complete. 
Again, the  ruins of the marble temples at  Athens appear  totally 
unaffected by time;  the tool mQrks are still sharply defined, the 
colour is as unblemished as though just removed from the quarry- 
while here, the same material loses all its beauty in a few montlx ; 
and  the Marble  Arch in  Hyde  Park shows far greater signs of age 
than  the Temple of Minerva. I n  these cases the difference is due 
principally to the effects of climate. Other anomalies quite as 
remarkable are familiar to all. The telegraph wires on some lines 
seem  unaffected  by twenty years’ exposure ; while in other situations 
the  total renewal of the wires becomes necessary every two or  three 
years. This is again strikingly illustrated in  the maintenance of 
submarine cables. 

The varying  durability of galvanized zinc roofs in different 
localities is similarly well  known, and several kinds of timber, such 
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beech, which under ordinary circumstances possesses nodurable 
qualities, have been found sound after being buried for centuries in 
water. Nearly the whole of the buildings in Geneva, including 
the cathedlal, are covered with  ordinary  sheets of t in;  while at  
St. Petersburg  the city is almost entirely roofed with extremely 
thin sheets of wrought iron, wholly unprotected by any coating, 
except occasionally a coat of paint ; and yet these thin plates of 
tin  and iron, which in  the atmosphere of London would certainly 
be riddled with holes in a single  winter,  are there found to be 
extremely durable. The  tin indeed retains its lustre through  long 
periods of years, as every traveller must have observed on looking 
down, on a fine day, from the  height,s round about Geneva, when 
the  city is almost as dazzling from its brightness  as the lake itself. 
Again, the traveller  cannot fail to be struck,  with the extraordinary 
freedom from decomposition with which even animal matter seems 
in some situations to be  endowed. The frozen carcass of the 
Siberian Mammoth was dug  out of the ice perfectly unchanged, 
though its crystal  tomb was probably of greater antiquity  than  any 
human monument, or even the  human race itself ; and without the 
protection afforded by frost, human bodies in  the Morgue on St. 
Bernard, and  generally in many of the houses of refuge on the 
high Alps, moulder away without any decomposition except desic- 
cation, and lie  unburied  without inconvenience. The same phe- 
nomenon may be  observed in many  continental catacombs, as at 
Kief, in Russia, even without exposure to the air. 

On examining all these facts, and seeking some  common charac- 
teristic, it  is found that among all these causes of decay, humidity 
holds the first rank,  and it is to t,his subject that special attention 
will first be devoted. The decaying influence of humidity is 
evidently  dependant  on other coincident circumstances. The 
mere pressure of water, or even of a saturated atmosphere, is not 
sufficient to induce rapid decay, which appears to be caused by 
humidity  only  under peculiar conditions. One of these conditions 
is well known by  the popular title of dampness. The decay caused 
by dampness, as in  the case of dry  rot, is as effectually arrested by 
the presence of water, as by a constant current of air,  whether per- 
fectly dry  or saturated  to any degree of humidity. Damp there- 
fore is not the mere presence of moisture in  the ordinary form in 
which it is held in solution by the atmosphere. If a hygrometer 
be placed in a damp situation, it simply indicates perfect saturation ; 
no evaporation takes place, but  the cotton covering of the wet 
bulb is speedily covered with a peculiar mould, well known by its 
fungus-like odour, and in a short time it is converted into  an im- 
pitlpable powder or ash. Under similar circumstances timber, leather, 
paper, and  all like materials, undergo tlle same rapid decomposi- 
tion ; vegetable gums ancl  oils, that are insolnblc in water, and even 
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dry hard paints and varnish, become soluble and liquid. Massive 
timbers are rapidly disintegrated to  the core, entirely losing their 
weight, though  still retaining their form, and often totally free 
from apparent moisture, although at  times dotted externally by 
drops of brilliant  water. Damp spots are moreover peculiarly 
hygrometric,  indicating atmospheric changes  with remarkable pre- 
cision ; and temporary desiccation in no ways disturbs this process. 
The peculiar odour which always accompanies this condition is one 
of the best tests of its existence, and the expression that a room 
smells damp is strictly correct. The effects are, within  certain 
limits, intensified by increase of temperature and absence of light, 
and arrested by poisons destructive to vegetable life. If this phe- 
nomenon of decay be more closely examined, the process  will  be 
found to resemble in many respects a slow combustion. The ulti- 
mate  results of combustion and decay are strikingly  similar;  the 
union  with oxygen is slowly  effected, and  the residue is more or 
less diluted with foreign substances, but whether bodies  be burnt, 
or decayed, the remains in the ashes are substantially identical. 
Decay  may  thus, to a great extent, be  looked upon as a decom- 
position resulting from the slow chemical combination of oxygen 
with  the mattem decomposed. 

Now,  if  slow combustion be the cause of decay, and that par- 
ticular state called dampness is so important  an accessory, the 
inquiry  naturally suggests itself, what connection exists between 
those agencies, or  in  what way can damp promote the absorption 
of oxygen ? The  Author can only presume to offer an opinion on 
this subject, with a view  of eliciting correction from others more 
capable than himself of dealing with a problem to a great  extent of 
a chemical nature. It cannot, however, be doubted, but  that much 
light may be thrown on the subject, by the botanist as well as by 
the chemist. I n  the case of organic substances, the presence of 
vegetation in the form of fungus, or mould, is an invariable cha- 
racteristic of decay, and the decomposing  effect of all vegetable 
growth is beyond question. It will no doubt be remarked, that 
the vegetable growth alluded to may be the effect rather  than  the 
cause of decay. Doubtless the spores of these microscopic fungi 
follow the law of all  other seeds, in vegetating only under those 
particular conditions of soil, light,  and moisture which are adapted 
to their  growth ; dampness and partial darkness, and absolute 
quietude, and even decay, may be essential to their existence ; and, 
therefore, it is only  under  such conditions that  they appear at all. 
But, nevertheless, when they do appear, their presence rapidly 
accelerates the decay, and they  furnish a vital medium, capable of 
accomplishing the observed  effect -combustion, or slow union 
with oxygen, of the substances on which they thrive. It is pro- 
bably by some such chemical vital action, that  the fact can be 
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explained, that even the hardest rocks are rapidly decomposed by 
the  growth of lichens, or that decay should be arrested by poisons 
which can exert no other influence than  the prevention of vegeta- 
tion.  Such an assumption affords a probable explanation of the 
durability of masonry in a locality like Paestum. The dry 
climate and perpetual sunlight of that sandy plain must prove an 
absolute bar  to this class of vegetation ; while the damp climate of 
this country covers every stone with a corrosive carpet of vegetable 
life. It is equally remarkable, that  in  the putrefaction, or rapid 
chemical decomposition, of animal and vegetable substances, the 
same profusion of the lower forms of animal, as well as vegetable, 
organisms characterises the phenomenon. Nature rejoices in per- 
petual  youth. The sickly animal falls a rapid prey to  the more 
robust. Fungi soon consume the hoary oak. Invisible myriads of 
animal and vegetable forms revel in  the  great transformation scene, 
engaged, it is true, in ceaseless destruction ; but removing only the 
dead and useless, and ministering to the vigorous and  strong. 

Whatever may be the cause of decay, moisture is an indis- 
pensable element. Dry  air is incapable of decomposition. . Water 
iF1 a carrier of oxygen in a potent form ; and  it is only from water, 
and more especially when in  the form of vapour, that  the oxygen 
necessary for decay can be obtained. 

The nondecomposition of animal matter,  under  certain circum- 
stances, even in  hot climates, as already alluded to, arises solely from 
the absence of water. It might  at first sight be imagined, that  the 
moisture supplied from the animal tissues would alone induce de- 
composition. This, however, is more than counterbalanced, under 
such circumstances, by the rapid evaporation due to freedom  from 
cloud, and  the actual  dryness of the air. I n  these cases, the ab- 
sorbing force of the  air more than counterbalances the decomposing 
chemical force, and putrefaction is arrested by  the loss of the water 
necessary for the process. It is from the absence of moisture that 
the Mammoth has been preserved, without change, through ages 
of erpetual winter. The durability of tin and  iron roofs in Geneva 
a n i  St. Petersburg is due to the same cause ; and  the importance 
of some shelter for timber, and of thorough ventilation wherever it 
is employed in this moist climate, is a necessary corollary. 

The durability of metals, like that of organized substances, de- 
pends, mainly, on the resistance they offer to combination with 
oxygen ; and  thus  their decay may also be regarded as a slow 
combustion. But their  durability further depends on the character 
of the oxides formed on their surface. Iron exposed to moisture is 
soon coated with rust,  in  the form of hydrated peroxides ; and as 
these oxides do not  adhere to the surface on which they  are formed, 
additional flakes constantly form, and fall away, until the whole 
mass is destroyed. 
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As wrought  iron is now so extensively used, its durability is a 
matter of special interest. In a pure  dry atmosphere, it suffem, 
practically speaking, no deterioration whatever, in  any lapse of time. 
It is also extremely durable in distilled water, free from air ; but it is 
slowly oxidized in a moist atmosphere, and, with  fatal  rapidity, in  air 
or water  containing  free acids or other corrosive agents. It is,  how- 
ever, efficiently protected from such agents by paint, which adheres 
to clean iron with great tenacity. It is also a remarkable fact, and 
not satisfactorily accounted for, that its oxidation appears to be to 
a great extent  arrested by vibration. 

In a railway siding, where the rails are seldom  used, the rails are 
invariably coated with rust, while on the main line  they  are gene- 
rally entirely free from rust, even under very unfavourable circum- 
stances. Plates  are also more durable when united in largo masses 
than when in an isolated form. A singular instance of this occurred 
during  the construction of the Britannia  Bridge. A heap of re- 
jested plates was left two years on the platform, where they became 
so corroded that  they could be literally swept away with a broom ; 
while precisely similar lates, employed in the construction of the 
tubes alongside, suffere l? no deterioration. 

It is evident, from the foregoing remarks, that  the  painting of 
wrought-iron girders and roofs, more especially in  the neighbour- 
hood of smoky towns, is a precaution of the utmost importance. 
Every care should be taken to expose the iron as freely as possible 
to the air,  to leave no hollow where water can collect, to avoid 
the contact of damp earth,  and especially of vegetation, and to 
throw the material into  the form of heavy bars rather  than 
thin plates. Painting is more economically performed, and more 
effectual, when constantly  attended to, than under the vicious 
practice of laying on three  or four coats, and  then leaving the work 
for years till it all peels off with a layer of rust attached to it. The 
Britannia  Bridge furnishes a remarkable instance of the value of 
this system. On the completion of the work, the contract  painting 
was carefully scraped, and  the tubes  thoroughly repainted, inside 
and out, in  the year 1851. The maintenance has been  effected by 
two or three men, constantly on the work,  who attend to the 
slightest symptoms of local discolouration. I t  was repainted in 
1866. The painting consisted of two coats of red lead, and two 
coats of stone colour ; the  last coat being thoroughly sanded, with 
dry silicious sand. The cells and  the bottom are painted with tar 

aint ; the plates being first painted with two coats of red lead. 
$he interior of the cells has never been repainted. The  Author 
does not  hesitate to express his firm belief, that  the total loss from 
rust, of the whole 10,540 tons, of which the tubes consist, has not 
in twenty  years mounted to a sin  le pound weight. A careful in- 
vestigation, in conjunction with &fr. Hedworth Lee, the  Engineer 
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of the line, shows no appreciable  variation  in the deflection of the 
tubes, so that it is impossible to conceive, under  similar  treatment, 
how any  practical  deterioration  can  take place in such a structure, 
even in several  centuries. It may be remarked that  the  tubes  are 
protected  externally by a  light framed boarded roof, covered with 
canvas  and coated with tar  paint.  This useful paint  is made as 
follows : coal tar, 9 gallons, slacked lime, 13 lbs., and  turpentine 
or  naphtha, 2 or 3 quarts ; the whole being  dredged over with  sand. 
The addition of the  quick lime is indispensable,  to  neutralize the 
free acid that exists  in  tar. 

Cast  iron,  when exposed to  the action of sea water, slowly decom- 
poses; the iron  being dissolved, leaving  a  graphite or plumbago. 
The action, however, is superficial  and  very slow. The  cast-iron 
columns of the pier at Gravesend  have suffered no  appreciable 
deterioration,  in  thirty-four years. The action depends considerably 
on the quality of the iron ; and  although  it is advimble to  give a 
slight increase of thickness  to  plates used under  water, the action is 
too slow to  interfere  with  the use of this valuable material for 
submarine works of a massive character,  the loss of material  being 
insignificant in  a  long period of years. It is also preserved by 
painting,  where it is accessible for that purpose, and  by  any  protec- 
tion which prevents  continual renewal of the  surrounding medium, 
as when surrounded  by brickwork or masonry. In fresh  water it 
suffers no such  deterioration,  and  under  ordinary  circumstances its 
durability  in a pure  atmosphere  appears  unlimited. 

In  the case of zinc, although the  bright  metal oxidizes even 
more rapidly  than iron,  yet the oxide adheres  with  such  tenacity 
to  the  metal,  that it affords an efficient protection  against the con- 
tinuation of the process. To this  property  the  metal owes its  great 
durability, more especially as its oxide is  insoluble in water. In 
the presence of any solvent of the oxide, this  metal  is so speedily 
dest,royed as to be practically useless, unless protected by paint. In 
pure  water  itsdurability is, however, very great;  and  the conversion of 
a flat roof of zinc,  into  a  tank  always  kept  full of water,  has been 
found  extremely effective asa preservative ; while it also moderates the 
effect of the sun’s heat, which is peculiarly  destructive  to  zinc, on 
account of the  large amount of its expansion and  contraction from 
changes of temperature.  The most important cause of the destruc- 
tion of zinc in smoky districts  is  due  to  galvanic action. In  such 
situations  the  particles of soot, or carbon, deposited on the zinc, 
form one  element,  and the zinc itself another, of a powerful galvanic 
couple ; while the sulphurous acid, and  moisture of the atmosphere, 
complete the  battery, or rather  the myriads of batteries which cover 
the surface of the plate. A similar action produces the  remarkable 
rusting away at  the base of iron  railings when fixed in stone work, 
as is usually the case by  being run  in with lead. The contact of 
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copper with the iron  plates of a vessel is thus also a source of the 
greatest danger, and  there  are numberless other instances, in which 
the contact of metals of different conducting powers is equally 
destructive. I n  all such cases the use of paint  furnishes at  any 
rate a temporary remedy. 

The difficulty of dealing with the  great dilatation, which increase 
of temperature produces in  the case of zinc, has led to  the coating 
of iron  plates with zinc, by simply cleaning and immersing them 
in  the molten metal. As zinc, like  other metals, may be thus 
deposited, through  the medium of galvanic action, the name of 
galvanized iron  has been given to iron so protected. I t  is difficult 
to overestimate  the value of the introduction of this process for the 
purpose of the Engineer. No material is more generally employed, 
though none requires more consideration, as to  the circumstances 
where its use is advantageous. All that  has been said on the 
subject of zinc applies equally  to galvanized iron. In  a clear 
atmosphere its  great durability, its stiffness, its freedom from 
expansion, and its economy, are  all qualities of the highest value; 
while on the  other hand, without constant  painting, it is wholly 
unfitted for the atmosphere of  smoky towns, or manufactories, or even 
of railway stations  where it is exposed to  the fumes from locomotives. 
Both  the corrosive and  the galvanic actions, which in such cases 
are so destructive, do not cease with the destruction of the zinc, 
which is soon effected, but continue also to act, with fatal effect 
upon the iron itself, as may be seen in many railway stations and 
sheds  near  manufacturing towns. The corrosive tendency in zinc 
and iron obliges the use of the less oxidizable metals, copper and 
lead. Lead slowly absorbs oxygen and carbonic acid in moist air. 
It is acted upon by certain waters, and is occasionally riddled with 
holes by the larva of an insect, and its expansion and contraction 
require to be carefully allowed for in its use. I ts  ductility  renders 
it a valuable material. Copper might, however, in many instances 
be used with great advantage in its stead, and  the cost of a super- 
ficial  foot of 16 oz. copper is no greater  than  that of a foot of lead ; 
while its lightness and greater durability often render it a valuable 
substitute ; and from its greater resistance to oxidization, paint 
adheres more permanently  to copper than  to  either lead or zinc. 
The lead pipes and brass taps used at Pompeii for the fountains  and 
baths have not suffered any deterioration, by being buried  eighteen 
centuries  beneath the  dry volcanic ashes which cover the city. 
Nevertheless copper in a moist atmosphere slowly oxidizes, and a 
green carbonate forms on its surface. 

The action of sea-water on copper is so important, that it deserves 
notice in connection with its use for covering ships, especially as 
some erroneous popular notions exist on this subject. The object 
in covering a vessel with copper is solely to prevent the adhesion of 
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barnacles and  other molluscs, which in some seas increase so rapidly 
as to form a living envelope of solid incrustation, several inches in 
thickness. This property is not  due to  the poisonous quality of its 
salts, as is sometimes asserted, nor is it used as a covering for ships 
on account of any durable properties it possesses. On the contrary, 
its value depends on its slow destruction. The barnacles adhere as 
freely, and with as much  impunity,  to a copper plate as  to a zinc or 
iron one ; but the chloride of copper which forms beneath the 
attachment being a soluble salt, the creature no. sooner  effects a 
lodgement than it is at once set free by its solution ; while the  salts 
which form on zinc or iron being insoluble, the plate is rather pro- 
tected than otherwise by the tenacious parasite. The same effect 
takes place with any metal  totally unoxidizable, as gold or platinum, 
which would be quite useless for ships’ sheathing. Hence  the 
difiiculty of devising an efficient paint for iron ships; for while, on 
the one  hand, it must be slowly soluble in water to prevent this 
adhesion, it must, on the  other hand, be sufficiently insoluble to be 
durable. It is remarkable that a most efficient covering for vessels 
is obtained by simply coating them with tallow, and doubtless for 
the reasons above assigned. Ordinary oil paint forms the most 
efficient material for protecting either metals or wood from the 
effects of moisture and  air, which are in almost every case constant 
agents of destruction. The material, however, is only protected at  
the expense of its covering, as all oils, resins, and gums, exposed to 
air, and especially to  the  light of the sun, oxidize and  burn away 
with more or less rapidity, leaving a powdery residue behind. 
Whatever the solid ingredient in  paint may be, either lead or zinc, 
its adhesion depends on the oil or varnish with which it is mixed, 
and  their preservation should, therefore, be a primary object of  con- 
sideration. Now, the  gums  and oils differ from other materials in 
this respect, that  they are but  little affected by moisture, and  they 
perish most rapidly in  light  and air, where most other  materials 
undergo no change. Gutta percha and some others seem, indeed, 
to be indefinitely preserved by water. The  gutta percha now  used 
for telegraph purposes, when laid  under ground, is found to be far 
more durable in a wet pipe than in a dry one ; and it was found to 
be so rapidly decomposed when exposed to light  and air, that  the 
Author introduced the practice, which has since become universal, 
of covering it with tarred or painted tape, to preserve it both from 
the loss of the water, with which it is always combined, as well as 
from oxidization. But,  though  the oils and varnishes used in painting 
are  but slightly affect,ed  by water, they  are singularly soluble in 
damp places ; and paint, as before  observed, in such situations  rapidly 
assumes the liquid form, however thoroughly it may have been first 
dried and hardened. 

As a preservation of paint against the heat of the  sun and light, 
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the  Author would direct att'ention to the virtue of a coating of 
silicious sand, dredged on the paint while wet. He has, in a damp 
situation, a larch pilaster, supporting a sun-dial, which was painted 
and sanded thirty-five years  ago ; and, though  the wood is cracked, 
and partially decayed at  the base, the sand is still perfect, and  the 
surface bears even now a resemblance to stone. This is due to  the 
particles of sand becoming so closely  imbedded as  to exclude air  and 
light. In situations where repainting is a difficult operation, as  in 
the case of a building, or verandah, overgrown with creepers, the 
most durable paint  the Author  can  suggest is, first, two coats of 
good oil and white lead ; secondly, a coat of good copal varnish ; 
and, thirdly, two additional coats of white-lead paint, the  last 
being  thoroughly sanded. The varnish adds great tenacity, and is 
thoroughly preserved by the overlying paint and sand. 

The limits of this  Paper prevent numerous other practical deduc- 
tions  being pointed out  that  the subject must suggest. It has, 
indeed, been thought desirable, that no undue prominence should be 
given to mere technical deductions, however  valuable. 

The durability of matter is a subject of the highest philosophical 
interest. The universal law on this planet  appears to be, that no 
form shall be permanent. Never-ceasing destruction and recon- 
struction are characteristic, within the  range of the atmosphere, of 
everything that exists, whether  as  regards organic life or inorganic 
matter ; and it is probable that even the atmosphere itself is subject 
to  the same decree. In  such a changing scene the works of man 
are  but  as scratches on a shifting beach. 

It is a curious subject for speculation to compare such a transient 
habitation with the  apparently unchangeable aspect of the  attend- 
ant planet, the moon. In  the absence of any atmosphere, at  any 
rate as  regards moisture, the  great element of all  the instability of 
this world appears to be wanting ; without moisture no vegetation 
can decompose, or fertilize, no frost can disintegrate its arid  barren 
rocks;  without organic  changes even chemical action must be 
equally powerless ; and the dull, cold, monotonous appearance pre- 
sented by its surface, is perfectly consistent with the barren eternity 
to which it seems condemned. Though sometimes, in ignorance, the 
perishable character of all  surrounding things may be lamented, yet 
on the  other hand it must not be forgotten that perpetual destruc- 
tion  and perpetual renewal are in reality the essential causes of 
all life, beauty, and harmony. 

[Mr. CLARK 
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